1. Plasma noradrenaline and adrenaline responses to graded exercise, reflecting sympathoneural and adrenal activity, were compared with 8-Key words: adrenaline, isoprenaline sensitivity and hypertension, plasma noradrenaline, renin, stress testing.
= 5) renin-sodium index. 8-adrenoreceptor responsiveness, was assessed using the chronotropic dose of isoprenaline which increased heart rate by 25 beats/min (CD25).
2. No significant differences in adrenaline were found among the renin subgroups either at rest or during equi-effective exercise stimulation, though values in the older low-renin patients tended to be lower.
3. Plasma noradrenaline at rest or exercise was similar in the renin subgroups. This contrasted with the normal exercise tachycardia and hyperresponsive renin in the high renin patients and the blunted exercise tachycardia and reduced renin response in the normal and low renin patients.
4. The CD25 of isoprenaline was 2.5 & 2.2 SD pg/m* in the high, 3.1 4.4 in the normal and 4.5 -+ 5.9 in the low renin group. 5. Older age and a longer history of hypertension may be associated with a transition from a high to a low and hyporesponsive renin-angiotensin system, with diminishing j3-adrenoreceptor sensitivity. In the presence of deficient 8-adrenoreceptors, a normal or slightly elevated sympathetic nerve activity may act predominantly via a-adreno
Introduction
Since renin secretion is controlled to a major extent by the sympathetic nervous system via renal 8-adrenoreceptors, the high renin values frequently found in younger patients may be interpreted as a response to sympathetic overactivity (Esler & Nestel, 1973) , and the low renin values usually encountered in older patients may reflect underactivity of the sympathetic nervous system (Esler, Randall, Bennet, Zweifler, Julius, Rydelek, Cohen & De Quattro, 1976) . This view is supported by observations in some high renin patients who were also found to have a higher cardiac output and increased isoprenaline sensitivity (Frohlich, Tarazi & Dustan, 1969) , which is in contrast with findings in low renin patients in whom a blunted exercise tachycardia (Burkart, Biihler, Pfisterer, Liitold & Kiing, 1976 ) and a reduced cyclic AMP production (Lowder, Hamet & Liddle, 1976) have been observed.
Either a difference in sympathetic nerve activity or a difference in neuro-hormonal receptor interaction could explain these observations. This was investigated by applying a standard sympathetic stimulation by using an exercise test and by simultaneous measurement of plasma concentrations of noradrenaline (predominantly sympatho-neurally released) and adrenaline (sympatho-adrenal). The catecholamine concentrations were evaluated together with 8-adrenoreceptor-mediated heart-rate and renin responses, and P-adrenoreceptor responsiveness assessed by an isoprenaline bolus test.
Methods
A total of 33 outpatients (24 men and 9 women) with established essential hypertension of World Health Organization stages I and I1 and a seated diastolic blood pressure >I00 mmHg were subclassified into groups with a high (n = 13, age, 34 12 SD years), normal (n = 15, 46 L-12 years) and low ( n = 5 ) renin-sodium index (51 L-9 years). After at least 6 weeks without any medication all experimental sessions were started at 08.00 hours to minimize diurnal variations. With indwelling needles placed into veins of both forearms patients remained in a recumbent position for 40 min. The chronotropic dose of isoprenaline boluses, i.e. the dose corrected for body surface which increased heart rate by 25 beatshin (CD25), was established. After 40 min the subjects were seated on a bicycle ergometer and exercised for 5-min periods with work loads which, to facilitate interindividual comparisons, were adjusted to 25, 50 and 75% of their maximal physical work capacity (PWCmax.) which had been determined at least 24 h before. Before and at the end of the exercise periods heart rate was measured by electrocardiogram and blood pressure was recorded non-invasively with a Physiometrics SR 1, mean arterial pressure was calculated as the diastolic plus one-third of the pulse pressure. At each period blood was sampled for radioenzymic determination of plasma noradrenaline and adrenaline (Da Prada & Ziircher, 1976; Liitold, Biihler & Da Prada, 1976 ) and radioimmunological measurement of plasma renin activity (Sealey, Gerten-Banes & Laragh, 1972) . For statistical analyses Student's t-test for paired and unpaired data was used.
Results
Plasma catecholamine, renin and haemodynamic responses to equi-eflective exercise (Table 1) Mean blood pressure both at rest and during exercise was similar in each renin group. Among the three renin groups no significant differences in plasma noradrenaline either at rest or during exercise were found. High renin patients tended to have the highest exercise values. Both resting and exercise-stimulated plasma adrenaline concentrations tended to be lower in the normal renin patients than in the younger high renin ones and to be lowest of all in the older low renin group, but the differences did not reach significance. None of the low renin patients exhibited low or hyporesponsive plasma catecholamines. Plasma renin differed significantly in the three renin groups both at rest and during exercise. No correlation was found between renin and plasma noradrenaline or adrenaline either at rest or during exercise stimulation. In low renin patients heart rate tended to be lower at rest and was significantly lower during exercise than in the high renin group. There was an inverse correlation between exercisestimulated plasma noradrenaline and exercise tachycardia ( r = 0.58, P < 0.01). M e a n values & SD are s h o w n ; intra-group comparison. * P < 0.05, ** P < 0.01, *** P < 0.001; comparison between high and low renin group. f P < 0.05, tt P < 0.01.
High renin Normal renin
Low renin (n = 13) (n = 15) (n = 5 ) Isoprenaline sensitivity in renin subgroups ( Table   The CD25 of iscprenaline was lowest in the high renin group and highest in the low renin group, indicating reduced isoprenaline sensitivity in these low renin patients who were significantly older than either the high renin or the normal renin group. The CD25 correlated directly with plasma noradrenaline at 75% PWCmax. (r = 0-55, P < 0.01) and inversely with heart rate at PWCmax.
(r = -0.62, P < 0.01). Higher CD25 were directly related to higher mean pressures at 75% PWCmax.
(r = 0.44, P < 0.01).
1)

Discussion
Sympathetic stimulation with an individualized exercise load did not reveal obvious differences in the plasma noradrenaline and adrenaline responses in the three renin subgroups. If changes in plasma catecholamines do indeed reflect sympathetic activity (Planz, Wiethold, Appel, Bohmer, Palm & Grobecker, 1975) our results would imply that a similar neural activity is present in the three renin subgroups. Subtle differences, however, do emerge since the high renin patients tend to have the highest plasma noradrenaline and adrenaline values during exercise stimulation. Similar findings in these mostly younger patients have been interpreted as reflecting elevated neurogenic tone. However, the renin-angiotensin system may act centrally to stimulate sympathetic nerve activity (Ferrario et al., 1970) . Further, angiotensin has been shown to enhance peripheral noradrenaline release directly via presynaptic a-adrenoreceptors (Starke & Schiihmann, 1972) and may thereby increase plasma catecholamines.
In the significantly older low-renin patients the stimulated plasma noradrenaline is equally high, whereas adrenaline tends to be somewhat lower. This suggests that activity of the sympathetic system is maintained at a normal level or even slightly increased in low renin patients. In none of our low renin patients have we observed low or hyporesponsive plasma catecholamines, as was reported by Esler ef al. (1976) .
In contrast, /3-adrenoreceptor-mediated renin release and exercise tachycardia were lower in the low renin group and highest in the high renin group, despite similar blood pressures in all three groups.
Whereas renal baroreflex inputs during exercise stimulation might also contribute to the blunted renin response, the marked reduction in exercise tachycardia in the older normal and low renin patients points to defective Badrenoreceptor functions. This is further substantiated by the isoprenaline sensitivity which, when compared with that of normal subjects, was reduced in all patient groups. No group was found to exhibit an isoprenaline supersensitivity as reported by Frohlich et al. (1969) . However, the normal and the low, renin groups had reduced ,&adrenoreceptor responsiveness, as has been observed in older patients with hypertension (London, Safar & Weiss, 1976) .
Since both age and pressure are associated with low-renin essential hypertension (Biihler, Burkart, Liitold, Pfisterer & Kiing, 1975) , it seems that two factors play an important role in the different renin subgroups. A slightly elevated neurogenic tone, and thus an activated renin-angiotensin system, might be dominant in the young high-renin patients. Increasing age and pressure, characterize the transition to low-renin forms, accompanied by a normal to high sympatho-neural activity but diminishing P-adrenoreceptor responsiveness. This change may leave an a-adrenoreceptor vasoconstrictor component which combines with age and pressure-induced structural changes in the resistance vessels to maintain elevated pressure.
